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Thank you very much. Itsagreat privilegeto be here. Thetitle of my tak isa
question "Will crop biotechnology aggravate or dleviate the impact of agriculture on
the environment?' And for the first part of my tak | redly want to set the scene about
the kinds of technologies that are involved in the assessment process. Over the last 20
years or 0 we have learned how to isolate genes from different kinds of organisms,
and to insart them into most of our crop plants. These give us different types of
opportunities for developing novel crops but also responshilities to manage that
development. In asense, the progressin GM crops has got caught up in a debate and
may, to some extent, have catalysed that debate about agriculture and the
environmen.

So | want to say briefly something about what genetic modification is and to put it

into context, to talk briefly about conventiona breeding, then ded with some of the
questions that are asked in the safety assessment process, and then dedl with the
question of my title, "Will GM crops aggravate or dleviate the impact of agriculture

on the environment?' | will then finish with afew condlusons. Conventiond plant
breeding involves moving genes into crops by pollination, so we take genes from
related plant species. It's a bit more complicated than that and | will come back to that
in amoment, but that's the essence of it. GM plant breeding alows us to isolate genes
from different classes of organisms and to insert them into crop plants and because we
can take genes from different organisms, it gives us a much wider choice of genesto
work with. Genetic modification is one of the toolsin the plant breeder'stoolbox. It is
unlikely to ever replace conventiona plant breeding. Conventiond and GM methods
are complimentary to each other and, again, al part of the series of tools available to
the plant breeder. GM is not the solution to feeding the world, it is one tool in the
toolbox. Feeding the world will require hard politica, socid, and agricultura

decisions about the use of land, resources, skills, technology and probably, and
ultimately about birth contral. It is not the same as conventiond plant breeding. There
is the potentia to produce some nove kinds of plant and because of that thereisa
requirement to go through an additiona set of assessments and safety regulations.

But having said that, it is vitaly important that we draw on the experience of
conventiond plant breeding over the last 80 - 100 years. It is possiblein conventiona
plant breeding to introduce toxins or make crops more weedy. For example, we can
hybridise wild potatoes with a cultivated potato. Some wild potato have toxins smilar
to those in deadly nightshade. It is perfectly possible to transfer gene toxinsin
conventiona breeding. People ask if it isn't innately more dangerous, more
unpredictable, to insert atoxin from a bacterium, compared with normal breeding
methods from arelated species. Well my persond feding about that isthat | fed no
more comfortable about the idea of a nightshade toxin in a potato, than a bacteria
toxin. We need to identify them, eliminate them and prevent them from entering the
food chain, whatever their source.

Conventiond plant breeding is, as| said, essentialy moving genes by pollenisation

but there areis now a battery of other tests which are now classed as conventiond. In
many respects GM is more precise than conventiona plant breeding. Now that doesn't
mean we know everything, there are questions, there are uncertainties. However, in
many respects when you insert one geneinto a plant that has 80 thousand genesyou



can ask very detailed questions about the effect of those particular genes. Mutation
breeding iswidely used, or has over the last 80 years been widely used, in
conventiona plant breeding. In its Smplest form this involves taking a bag of seeds,
exposing them to irradiation or chemica mutagents, forcing random genetic changes.
We have no control over the nature, the type of genetic change, but this, considering
al those uncertainties, has been remarkably successful. Much of what we buy in our
supermarkets, particularly cereds, if you trace them back in their plant breeding
pedigrees, you will find inducedment to mutations back there somewhere.
Conventiona plant breeding aso involves growing cels like a soup of cdlsand
applying sdection pressure in these cdll cultures, and with these methods novel kinds
of herbicide tolerantsces have been sdlected. Again we are lill talking about
conventiond breeding. Wide hybridisation is possble by culturing embryos, and with
embryo rescue we can produce hybrids between plant species that would not hybridise
in nature. So we are moving genes across these sexud barriers between non-
compatible plant species.

All of this conventiond plant breeding, with dl of its uncertainties, has cometo rely

on very careful tegting, andyss and sdection, to diminate plants that have
undesirable characters. It isvitally important that we draw on al of that experience,
80 years or so, in the evaluation of GM crops. Because we can move genesinto crops
from different kinds of organismsthere isinternationa agreement that we need an
extratier of assessment and of regulation, and in this process of safety assessment we
ask a series of questions. Essentialy, how does the modification change the crop, is
there evidence of toxicity , dlergienicity, weediness, changes and ininvasivenessin
natural habitats? What about non-target effects, effects on friendly organisms? What
about the possibility and the effect of gene trandfer like pollination from GM cropsto
other plants species and other crops?

Over the last 10-15 years there have been quite alot of experimentsto try to make this
safety assessment more scientificaly informed. Thiswas a series of experiments that
we did in collaboration with INRA in France to measure the distance of pollination in
oilseed rape. S0, in the centre of thisfield plot, we had GM plants and we were able to
measure how far the pollen went, how much pollination there was &t different

distances. We have aso done work on sexual compatibility between various crops and
related species. There are studiesto look at the effect, at the potentid effect from gene
movement into wild populations. | think Rosie Hails will touch on this. Essentidly,
asking the question if avirus resistant gene, that has been put into a crop, movesinto
awild Bbrassca population, what effect will it have? In doing that, you have to ask
questions about those wild populations and the dynamics.

The assessment process that | have talked about dedls principally with direct effects of
GM crops. Thereisincreasing interest in what are called indirect effects and thisisin
line with changes in the European directive, which governsdl of the 15 member

gtates within the European Union. There is now arequirement, (the dDirective was
passed in March), to ask questions about changes in agronomy, changesin
agricultura practice, which may be associated with the introduction of particular GM
crops. Now the history of this, and thisis nothing to do with GM cropsfor the
moment, is that over the past 30 years there has been a decline in bird species. There
is some dispute and argument about the nature of that, and what the forces there were



to cregteit, and | think both Rosie and Andrew after me will be touching on thisin
more detail.

These changes have been associated with changesin agriculturd practices, the
removd of hedges, trees and ditches, winter sowing instead of spring sowing of crops,
improved pest disease and weed control. The effect of those changes has |eft fewer
leftovers, seeds, debris, adiversity of different plant speciesin the agriculture
environment that are able to support a diversity of food chains. One important point to
mention, which is clearly relevant to the UK agricultural scene, isthat in the UK over
70% of our land areais farmed in some way, S0 whatever we do in agriculture has the
potentia to influence the environment. This compares within Canadato awith a
figure of about 8%, in the States of about 50%.

In trying to measure and etimate the impact of GM crops on wildlife farmland
biodiversty, the farmlandscale trids were initiated in 1999. So thisistaking three
GM crops (glufosinolate tolerant maize, oilseed rape and glyphosate tolerant
sugarbeet) and asking questions about the potentia impact on wildlife of the change
in agronomy that would be brought about by the use of these particular types of crops.
The am of thesetridsis to assess the frequency of indicator species as ameasure of
farmland by biodiversity, and these include seeds in the soil, plant species, dugs,
insects and so on. Now | am not involved in any of the science and | know that there
are people here who are, but | have been involved in some of the discussions about
how we handle, how we use these kinds of data. The result of those experiments will
be available in 2002/2003. It's raised quite alot of important questions. Now | just
want to go through afew of the questions which seem important to me.

Thefirg oneisthat it is relaively easy to test for Satistical sgnificance but much
more chalenging to determine what is ecologicdly sgnificant. If you imagine in the
field trids, half of the experimenta areais GM oilseed rape and the other half is non-
GM oilseed rape, avariety the farmer would useif he wasn't growing GM. So we
have to ask direct questions about the frequency of indicator speciesin these two
haves Satidicd andyssis essentidly a mathematica comparison of frequencies
within the two haves. It isfairly straightforward. But how do we decide what is
ecologicdly sgnificant or environmentaly sgnificant?

The second point is thet there have interestingly been very few smilar kinds of
experiments assessing the environmenta impact of particular conventiondly bred
varieties. So Here we are not talking about broad trends in agriculture. We are asking
what particular impact will this particular variety have on wildlife by biodiversty so
what basglines do we have for saying thisimpact is acceptable and that is not?
Another interesting reflection is that GM crops are assessed very closdly in minute
detall for their impact on the environment, but there are very few comparable kinds of
assessments for conventionally bred crops. It is possible to produce herbicide tolerant
varieties by genetic modification or by conventiona means. We ask dl kinds of
detailed questions about GM but very few comparable ones about conventiond crops.
That to my mind isillogica. The trids have been contentious in the sense of the
possibility of gene flow, mainly between the GM crops and organic farms. | think this
ralses an important question about accommodating different forms of agriculture,
accommodating organic, GM, conventional and integrated systems. We have to find



some way of doing that. So | think these kinds of experiments will raise as many
questions about conventiond agriculture as they will about genetic modification.

Turning to the question in thettitle, | believe that GM crops are innately no more or
less damaging to the environment than conventiona ones. The chdlenge is how we
use genetic modification, how we develop crops and how we use them. Agriculture
will dways have a sgnificant impact on the environment. | said that over 70% of our
land areaisin some form of agriculture. To some extent there will aways be a degree
of trade off between maximising crop productivity and maximising wildlife. It's not
quite as Smple as that, but that's the essence of the challenge before us. | believe that
GM crops will aggravate, will impact or have the potentid to impact adversdly if they
drive agriculture further towards monoculture and the clinical control of al aspects of
the agriculture environment. If there is poorly targeted broad spectrum pest and
disease res stance expressinged throughout the plant (when you make aGM plant you
have some control over where the particular genes are expressed) and if they are
expressed throughout the plant then there is the increased potentid problem of these
non-target effects on organisms within the environment.

If thereistight targeted control over weed and ferd plants throughout the growing
season, they GM crops have the potentiad to dleviate the impact on the environment if
they are incorporated into a rotation with atention to soil fertility, organic matter,
hedgerows and wildlife refuge areas. We can target genetic control of pest and
diseases by having genes expressed in the leaf or wherever the pest attacks the plant.
Also, one of the exciting things about the scienceisthat it is becoming possible to
have very specific expresson of genes, even wound inducing expresson whereif an
gphid attacks a plant then there can be aresponse against that so it is very targeted. |
think thet is a chalenge for the scientific community. If there is reduced dependence
on certain chemicds, for example, if we insert virus resstance then it is likely not to
be necessary to control the gphid, or whatever is the vector, and there is some
evidence where this has been tried there has been an increase in populations of
ladybirds or beetles that feed on them. So that is the challenge for those of usinvolved
in research and development. So in conclusion, we cannot uninvent biotechnology,
there are 44 million hectares around the world. We are right to be cautious when we
reflect on some of the effects of pesticides and nitratesin water and so on. We need to
have an informed debate about our vison for agriculture in the environment and ways
to achieve it. One of the features of GM isthat potentialy changes can happen
relaively quickly. Once there is a breakthrough we know how to do something, then
it is possible to develop that character in arange of crops. The safety assessment
process is done on a case-by-case basi's, so the different products come to the table
and we assess them. The primary weeknessisthat it is not particularly visonary. If
you imagine something like eight different herbicide tolerance genes available. Is it
acceptable to consder dl eight, how do we make the decison?

There are someredly chdlenging questions. The chdlenge is how we orchedtrate
these changes. There will be adiversity of crops coming forward and we will learn
about some of those at this mesting. How do we manageit in the future? | believe it
cannot be left Imply to market forces, which isavery blunt instrument for deciding
the way forward. We need to think and work towards, in my view, for the stepwise
introduction of GM crops in Europe and environmenta monitoring. Thereisa
requirement now within the European Union, under the new directive that has just



been passed, that when you get permission to commercidise a crop you have a period
of monitoring and after that period it is reassessed, which | think thet is sensble. My
hope isthat in the discusson here and the debate generdly, there will be much less
heet about this technology or that technology and much more light about the future
shape of agriculture in the next 20 years and beyond.

Thank you very much.



